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COMPLETE- SPECO'IOATIOJf 

Improved Process of High Vacuum Distillation 

We, EAsaaiAjsr Eodak CoMPiUnr, a mm. Hg. and pieferably lesa tlian 0.1 

Company organised under the Law of mm. Hg.) and to provide a process 55 

tao Stats of If ew J ersey. United States of wieieby snoli maiierials may purified 

Ajnenoa, of 3.43, Stat© Street, Eooteater, without imdesdraUe decomposition ^d 

S State of • New York, United States of -witli a oon^iderabla saving in time and 

America, (Assignees of KstnraiTH Ciaxidb heat efnergy. li lia* already been pro- 

BtBVmBUs: 'Eicsmsi, a Britiali Snlb jeotj of posed isolate tbe female sex hormona 6fl. 

Aodak Park, Eoohester, Oounty Monroe, by tbe iigb. Tacnnnn-sliortpatli distilla- 

State of ITew York, TTnited States of iion of placenta Aspersed in oil, i.e. a 

10 America), do hereby^ declare tte nature of s<did dispersed in a Kqjrid. 

iiis iaventioa and Sa. what maimer tie According to iihe jxreseint invention tie 

same is to be peif earned, to be particularly orgfanio an^anoe, mioL. aa aa oil, f ai or 65 

(lesoribed and ascertained in and by tie waac, wbicli contains vitamins, sterol* or 

following statement :— bormones and wMcb is liquid at tie tem- 

15 Tliisi invention relates to an improved pwature of distillation is mixed with a 
prooeas for the vao^ium distillation of obmpoxind or mixture of compounds hav- 
or^anio aubatancea such as yegetatle and ing a boiling point, under me diaiilla- 70 
animal oils, fats and waxes containing tion conditions obtaining, in && neigh- 
vitamins, sterols or hormones and which bonrhood o^f that id -Qie matoial wMoh 

20 aie liquid at the temperature of distilla- it is deaared to purifyj {he addod maiedal 

tion. is th«n preferably xemoved from like 

Processes of high vacumn dia-tiUation mixed distillftte, 76 
ore blown in which diffiouRly volatile When the miiteriaJs being- concen- 

materials are removed ip. purer form from trated or purified ara dtetilled, it has been 

25 impurities and undesirable admixtures, noticed that temperatures ijonsideirablv 

Thus in U.S. patent to Buroh 1,055,321, above the- boiling point pf lihe desired 

difScnlfly vola-^e oils are vacuum dis- material must be used. Thus, in dia- 80 

liDed to reanffre de^red oonsiitnents tilling fish oils, such as cod lirer oil, {he 

therefrom. In U.S. patent UTo. 1,935,569, vitaminsr distill over at temperatures ' 

80 natural oils and fats ara vacuum dis- Tirying from 140* to 220* 0., the 

tilled to concentrate compounds of optimum temperatai» for recovsry of 

therapeutio value contained therein, vitamin A being about 180* 0. Eet^fly 85 

such as vitamins. nearly pure -ritamin A has be«i seooied 

In such high vacuum distillation pro- and xt has been f ound that it distills at 

86 cesses, due to the difficultly volatile lesa than 100* 0, under molec-ulaar dis- 

nature of the compound being purified, tillation conditiDiis, i.e. those oonditions 

fcemperatures considerably above the boil- of high vacuum short path distillation in 90 

ing point of the desired Compound under which the short path rafrarred to is equal 

the vacuum obtaining must be used, A to or less than the mean free path of the 

40 satisfactory removal -of the desired com- molecular of thei substance oeing dis- 

pound at temperattires lower than fliose tilled. It is, flierefo-re, seen that it ia 

heretofore found necessary is of con- necessary according to known processes 95 

siderable importance, since it would to iTse a temperature of about 80" 0. 

result in a material saving in material above the boiUnff point of the vitamin to 

46 otherwise lost due to decomposition. Tha eliminate it from the distillate. 

amount of heai required to Tolatilize the If a material having a boiling point in 

desired material would also be consider- tha neighbourhood of that of the desired 100 

ttbh^ less. . distillale is added to tha mixture to be 

The present invention has for its distilled, it is found that a considerably 

60 object to overcome the defloimcies of lower temperature can be used for 

hitherto known. prooessM for concea- optimnm results. Tiusj on vacuum dis- 

trating or pnrifyiag materials by distil- tilling animal and vegetable oils to con- 105 

latlon at Mgh va«aa> (not more than 1 centrate .fat soluble and otEer vitsmins 
[Prim 
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coniiaiued iber&u]., ihe addition of a 
(ITiantity of otlier matarial having 
approxunately ti© sama lioiling point 
-imdar Yaeuum couditi^os a& ihe desired 
£ vitamin, makes it possible- to readily dis- 
till tie vitamin, using a much lower tem- 
peratBxo thaai previonjily possible. 

The Tise of suck lower temperatures is 
a. very desirable- feattira where heat 
10 sensitiTQ and easily decomposable 
materials are to he recovered. Bhurther- 
more, many of the desired distillates are 
soHd or so viscous as to collect in ihe> still 
and are difioralt to ri^OTei. The addi- 
16 tion of a Jigiiid mai&&ii hairing a boiling 
poiut in the ueigihboarhood at tha itaiins 
point of thei desixad distillate will pra- 
T^t such ologgin^ fiad niftk» oontinuoaB 
operatioiL possible. Tkaa, ihe addfition ■ 
20 of fatl^ acids boilioir &e newhbooiv 
hood of Bterolff beibag' distilled nom on 
oil prereut the solid or viscous distillata 
fnwa. tiogeias the apparatns with re- 
sultant diuty for cleaoning. 
26 The materials to be added may be 
I from- widely diierent types of 
inds or mirfores thereof. 'Ajxy 

,j1 may be used as louff as it has a 

hcdliiig point in the neighbourhood of 
SO the aisnllate desired, under molecular 
distillation conditions as hereinbefore 
defined acad has no adverse eSect (»a.tlie 
material undergoing treatment. 

for ejcample fatty acids, esters, 

35 oil fractions, terpemes, essential oils, have 
been foxuid to give useful results. Of 
comae, a oony^onnd which is subject to 
mateiial deoompontion should not be 
■selected. Uiphatio phthalates, benisyl 
40 phthalate, beta phenyl ethyl ^hthalate, 
diglyoarol tetrapropionate boil below 
vitamin A and are useful agents to 
employ in its recovery. 
Many of the added materials are so es- 
45 pensive that they cannot be used without 
careful recovery. The distillates con- 
taining the added material and the 
vitamin or other material dislalled may 
be run through'a sejjarate still where the 
60 vitamin or other desired material may be 
separated. The added material will 
remain as the still residue, if it had a 
higher boiling point than the desired 
purified material, or will be in the dis- 
56 tillate, it has a lower boiling point. In 
this way the added mat^al can be re- 
covered practically quantitatively. The 
added material majy still contain sniall 
amounts of-ihe desired purified material, 
60 but as ihsy are used repeatedly, being 
added agrain and again to the &esh 
material initially treated, this does not 
represent a loss. Obviously other methods 
of sepazatioii known in the axt, such as 
66 freering, orystallization, solvent attrao- 



tion or purely chemical means may be 
employed instead of distillation for 
separating the added materials. 

As previously indicatedj the added 
material may have a boiling point the 70 
same as, above or below iiat of the sub- 
stance to be removed. Preferably an" 
added material having a boilinp^ point 
below ^at of the desired substance is 
used, since the lower boiliag matsrial 76 
generally gives bettrar results at lower 
xemperataras. 

As pointed out above, the invention is 
applicable to any process of high vacuum 
distillation in which a difficultly volatile 80 
organic niatearial is separated as' the dis- . 
tillaie. Thus, vitamins A, D and /or E 
may be separated by distillation from 
vegetable and animal oils contaiiung 
ihem^ suoh as cod, halibut, etc. liver 86 
oils, menhaden,, salmon, dogfish, sword- 
fish, cod, wheat ^erm oils and thsi like. 
Hormones of various types may he re- 
covered from oily concentrates by the 
present invention, as may also aterob and 90 
high boiling hydrocaxbone firem mixtures 
containing them. 

The diafallation may be carried out in 
the 'manner described in U.S. patents 
Nos. 1,925,559 and 1,942,858. Suoh 95 
moleculaT distillation processes axe 
goierally oanied out at lessi than .1 nun. 
and at tenuperatores between 70' and 
aeO' 0. ppeferaWy between 90 and 200' 
0. A eharaoteristic of this type of dis- 100 
tillation is Hhii the vapours are con- 
densed upon a surface located at a dis- 
tance of less than about the mean free 
pj.th of the molecules of residual gas. 
Pressures of above ,1 mm. may be used 106 
and it has been found that volatile 
materials' in fish oils may be distilled at 
pressures as high bs 1. mm. Since a 
more economical ranoval of non-volatile 
constituentB takes place at pressures 110 
below .01 mm, we prefer to operate at 
these lower pressures. However, as the 
added materials used enable a rapid re- 
covery of the desired materials, it is not 
necessary in many cases to operate under ug 
moleoula* distillation conditions and 
pressures higher than those normally 
used in such processes may be employed, 
in which case the process maj^ be termed 
one of ijseudo-m&lecular distillation. 120 

"We will now describe oiix invention by 
way of example as applied to a fish oil 
containing vitamins A and D, 

We have found in our researches that, 
although pure vit-amin A is an alcohol, 12S 
the vitamin A occuixing in fish oils and 
highly prized for its medicinal value is 
a mixture of esters with only a small pro- 
portion of the free alcohol. The alcohol 
hoile at about 95' Q, and the esters at 130 
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160° to 190° 0. TiHiJer a molecular 
vacuTim. The Yitamin. D from these oils 
toils at arofund 140* 0. "Wlieii, low- 
eyei, it is desired to drive tha vitaanins 
6 off from iihe paxeat oil, it is fotmd that 
tempffiratvtrea of 160' 0, a^-Mgier are 
required for the D and 180* to 215* 0. 
for tie A. This ia pastly teoattse th© 
.vitamins aia. present in siwi miimt& 

10 quantities and pturtly Ijecauss there are 
only relativftly snasall itmaunte of faity 
grlyoerides in tlie oil of boiling points 
similar to the yitamins. The oil of com- 
merce is rich in the lon^ chain fatty 

16 glyoerides, and oomparatively rich in' 
free fatty acids, but the fatty glyomde* 
with 8 to 14 carbon atoms in the side 
chain are oanspiouous by their a.bsenoe- 
We therefore add, for instance, to the 

20 inooming oil four parts of giyoerol tri- 
perlaraonate (tri-pelaigonin) and ive 
then aad that distillatton of a fraction 
rich m A and D ooours at a tsmperature 
of 160* 0. The quantity of the fraction 

36 ia about 6%. 

Tha added material, e.g. tripelargonin, 
serves another important purpose, in that 
it condenses wiw the desired fraotion 
and thus increases its bulk so- thai it ixftm 

SO Bwa:^ more readily from the aoHd con^ 
densing snixf aoe. Diir reaeaxehes have 
shown that the distillation diiasacteac^ 
istics of Vitamin D and cholestevol are 
very similar, Tha vitamin D when orcKn- 

85 arily eiliminated has so small a bulk that 
it taJces a long tima to drain from the con- 
densing surface and often suffers decom- 
position on the way. With oils rieh in 
cholesterol, the vitamin is held on the 

40 condensing snrf ace- in a mass of crystals. 
In melting these down, the vitamin D is 
volatilized and partly destroyed. It will 
he appreoiated that when tripelargonin or 
is equivalent is added, the bulk of the 

46 condensate is increased, the crystallisa- 
iion of the cholesterol is prevented, or 
minimized, and the vitasuins axe s^pt 
rapidly from tha still. Ma;terials which 
have an appreciable solvent action on the 

60 distillate are ixreferred though those hav- 
ing slight or partial solvent action can 
be used. 

It is not known how the agents used 
efieot the results described but they lower 

5S the effective temperature at wHch dis- 
tillation is practicable. 

The added material appears to act as 
a diluent whidH oreateB a vigorous 
vapour, stream to sweep alon^ the distil- 

60 late with it in the same fraction. When 
a matorial of somewhat lower boiling 
point is added, it nmy assist in prevent- 
ing tha elug^sh moleoulesi of £»tiUate 
mateirieJl mm. rettaainir to tho liquid 

66 being distined. This eieot is pstrfaou- 



larly important in pseudo-moleeular dis- 
tiUotioiiL where the molecules are con- 
densed OS. a mrfaoa which- Is at % greater 
disbmoe than the mean free path of the 
molecules. 70 

The herein described invention con- 
stitutes a simple,, economical an:d highly 
eieoiivie solution of the problem of re- 
moval by vacuum distillation of difficulty 
volatile organic tompounds aiid particu- 
laxly of h^ sensitive ^if&oultly volatile 
compounds from mixtures containing 
them. An outstanding advantage of our 
process is thei more rapid distillation at 
lower temperatures than could heretofore 80 
b© used mi the. possibiliiy of distilling 
aoMs without dog^ng of the apparatus. 

mering now particniarly described and 
ascertained th© nature of bijr said inven- 
tion and in what manner the same is to 85 
be performed, we declare that what we 
claim ist — 

1. In the process' of distillation of 
organic siabstanoes, which axe liquid at 
the temperature of distiUatiou and which 90 
contain vitamins', sterols or hormones, to 
separate a desired fraction at a lugh 
vacuum of not more than 1 nun, Hg, tiae 
step Trhioh oomprises adding to the 
(n^^o material to be disidllecl a sub- 95 
atftooe of W volatility, whioh distils 
over 99 B. m£ced du^lato with a desired 
fraotion. 

Z. The protessi as claimed in elaim 1 
applied S'pecifically to those' substanoes 100 
wMch axe liqnid as or near frtmospherio 
temparature. 

3. The process as claimed an claim 1 
in which a natural oil containing 
vitamihsr, sterols or hormones is ^stilled 106 
in presence of an added matesrisJ which 
distils with tha desired fraction, after 
which the added material is separated 
&om the mixed distillate. 

4, The process as daimed in claim 1 110 
applied toi the separation of vitamin, 
stMfol oar hapnone concentrates from 
material containing one or morei of these 
^erapeutio substajice», tha distillation 
bang performed under molecular oondi- 116 
tions as hereinbefore defined. 

5.. Tha process as claimed in claim 1 
which comprises adding to> a substance to 
be vacuum distilled a material having a 
boiling point in the neighbourhood of 120 
the desired fraotion and subjecting the 
mixture to vacuum distillation. 

6. The process as claimed in claim 1 
which comprises^ adding to a natural oil 
a substance havins^ a boiling point near 126 
that of the desired fraction aagid sabjeot- 
ing the mixture to diatillaion at a 
pressure of less than 0.1 mm. and a tem- 
peratirra between TOnmd 250* 0. and ooa^ 
aenaing the distillate at a distaaaoe irom. ^80 
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the svaporaiive surface of less lihan ih.e 
mem. free psrtli of ibs molectiles of resi- 

7, The prooGss as oldtmed in aay of fhe 
S prscmine cladxiis in wMcL tho added 

roaiefial i» nuse 'rolatile I3iaa ihe de^red 
fraction, 

8. The process as cQaimed in any of fLe 
preceding dlajms in vrbiab. {he distiUii^ 



tion is performed at j 
0.1 mm, Hg. 
_ 9. Processes of Mgh r&ouvm distilla- 
tion, sTilffltantially as described. 

Dated Hub 9th day of October, 1938. 
W. F. THOJO'SOIT & CO., 
13,.Caittroh Street, Lrreipool 1, 
Ohartexed Patent A^iiB. 
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